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RAPID COMMUNICATION 

Adult Mice With Targeted Mutation of the Interleukin-ll Receptor 
(ILllRa) Display Normal Hemat poiesis 

By Harshal H. Nandurkar, Lorraine Robb, David Tarlinton, Louise Barnett, Frank Kontgen, and C. Glenn Begley 



lnterleukin-11 (IL-11) Is a plelotropic growth factor with a 
prominent effect on megakarvopoiesis and thrombopoiesis. 
The receptor for IL-1 1 1s a heterodimer of the signal transduc- 
tion unit gp130 and a specific receptor component, the a- 
chain (IL-11 Ror). Two genes potentially encode the IL-1 IRa: 
the ILllRa and IL11Ra2 genes. The ILllRa gene is widely 
expressed in hematopoietic and other organs, whereas the 
IL11Ra2 gene is restricted to only some strains of mice and 
its expression is confined to testis, lymph node, and thymus. 
To investigate the essential actions mediated by the IL-1 1 Ra, 
we have generated mice with a null mutation of ILllRa 
(IL11Ra-/-l by gene targeting. Analysis of ILllRa expres- 
sion by Northern blot and reverse transcriptase-polymerase 
chain reaction, as well as the absence of response of 
ILllRa-/- bone marrow cells to IL-11 In hematopoietic 
assays, further confirmed the null mutation. Compensatory 
expression of the IL11Ra2 in bone marrow cells was not 

THE ABILITY OF growth factors to influence cell 
growth and differentiation in immune and hematopoi- 
etic systems depends on their recognition and binding by 
specific cell surface receptors). There is growing evidence 
that different growth factors display a similar range of bio- 
logic actions. 1 This overlapping function of growth factors 
is in part explained by shared receptor components. 2 ' 4 For 
example, the interleukin-6 (IL-6) family of cytokines, includ- 
ing leukemia inhibitory factor (LIF), oncostatin-M (OSM), 
and ciliary neurotrophic factor (CNTF), display several 
common actions 3,5 and share gp 130 as a signal transduction 
unit. 3 - 6 Several of these molecules also use the LIF receptor 
(LIFR) as a component of their receptor complex and, in 
addition, specific receptor chains exist for OSM, IL-6, and 
CNTF. 36 

IL-11 is a recent addition to the IL-6 family and was 
originally cloned from a bone marrow stromal cell line based 
on its proliferative activity on a murine plasmacytoma cell 
line 7 and on its ability to inhibit adipogenesis in 3T3-L1 
ceils. 8 IL-1 1 exhibits pleiotropic actions on the hematopoi- 
etic compartment. These include shortening of cell-cycle 
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detected. ILllRa-/- mice were healthy with normal num- 
bers of peripheral blood white blood cells, hematocrit, and 
platelets. Bone marrow and spleen contained normal num- 
bers of cells of all hematopoietic lineages, including mega- 
karyocytes. Clonal cultures did not identify any perturbation 
of granulocyte-macrophage IGM), erythroid, or megakaryo- 
cyte progenitors. The number of day-12 colony-forming unit- 
spleen progenitors were similar in wild-type and IL11Ra-/- 
mice. The kinetics of recovery of peripheral blood white 
blood cells, platelets, and bone marrow GM progenitors after 
treatment with 5-flurouradl were the same in IL11Ra-/- 
and wild-type mice. Acute hemolytic stress was induced by 
phenylhydrazine and resulted in a 50% decrease in hemato- 
crit. The recovery of hematocrit was comparable in IL1 IRa-/ 
- and wild-type mice. These observations indicate that IL-11 
receptor signalling is dispensable for adult hematopoiesis. 
© 1997 by The American Society of Hematology. 

time of hematopoietic progenitor cells 9 "' 2 and, in synergy 
with stem cell factor (SCF), support of the growth of 
multilineage progenitors.' 3 *' 5 In addition, IL-l l can, in com- 
bination with other cytokines, cause in vivo and ex vivo 
expansion of primitive and committed hematopoietic pro- 
genitors. 16 -' 8 It stimulates myelopoiesis 19 * 2 ' and multiple 
stages of erythropoiesis 22 * 24 both in vivo and in vitro. There 
is also a large body of data on the influence of IL-M on 
megakaryocyte growth and development. In vitro, most ac- 
tions of IL-1 1 in supporting megakaryocyte progenitors have 
been observed in synergy with other growth factors such as 
IL-3 or mpl-ligand (also known as thrombopoietin [TPO] or 
megakaryocyte growth and development factor [MGDF]). 25 * 29 
However, IL-11 on its own has been shown to promote 
maturation of megakaryocytes. 26 In murine, 30 34 canine, 35 and 
nonhuman primate 36 models and, more recently, in hu- 
mans, 37 * 38 in vivo administration of IL-1 1 has been shown 
to augment platelet levels and promote earlier hematopoietic 
recovery after toxic insults, an action with potential clinical 
importance. IL-1 1 also acts on other organ-systems: it stimu- 
lates acute-phase protein synthesis in the liver, 3 * regulates 
neuronal differentiation, 40 and influences osteoclast develo p- 
ment 41 ' 42 a nd B-lymphocyte maturation. 43,44 IL-11 has also 
been shown to improve recovery of intestinal cells 45 46 and 
spermatogenesis 47 after cytotoxic therapy. 

We, and others, have reported cloning of cDNAs encoding 
the murine and human IL-1 1 -specific receptor subunit (a- 
chain). 4 "* 5 ' Expression of this receptor component alone con- 
fers low-affinity IL-11 binding, whereas coexpression with 
gp 130 results in high-affinity bind ing of IL-1 1 and the capac- 
ity for signal transduction. 48,5 ' We have previously described 
the presence of two loci for the murine IL-1 1 receptor a- 
chain, IL1 IRa and IL 1 1 Ra2. 52,53 In addition, we have shown 
that the IL1 lR a2Jocus.is,not.present in all mouse strains-The- 
cDNAs from the two loci exhibit 99% nucleotide identity in 
the coding exons, but contain different 5' untranslated re- 
gions (5'UTR), This divergence permits discrimination be- 
tween transcripts from the two loci using reverse-tran- 
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scriptase polymerase chain reaction (RT-PCR). Whereas 
transcripts corresponding to the ILIIRa locus were ex- 
pressed widely, those from the IL 1 1 Ra2 locus (when present) 
were detected only in testis, lymph node, and thymus. 33 

Despite the varied actions of IL-1 1 within the hematopoi- 
etic compartment, its principal physiologic role remains un- 
clear. The study of murine models made genetically deficient 
in growth factors or their cognate receptors has helped define 
the precise in vivo role of some of these molecules. For 
example, analysis of phenotypes resulting from targeted mu- 
tation of TPO 54 or its receptor c-mpl 55,56 or the mutation 
of granulocyte-macrophage colony-stimulating factor (GM- 
CSF) 57 and its signal transduction molecule, the common p 
subunir 58,59 have provided complementary data regarding the 
role of these ligands and their receptors. To delineate the 
essential functions of IL-11 in vivo, we have generated 
mice with a targeted null-mutation of the ILIIRa locus 
(ILIIRa-/-), 

MATERIALS AND METHODS 

Disruption of IL-HRa by homologous recombination in embry- 
onic stem cells. The targeting construct (Fig 1 A) was created using 
the pNTK vector (a kind gift of Dr Richard Mortensen, Brigham 
and Womens Hospital, Boston, MA) and contained neomycin phos- 
photransferase (pgkNEO) and thymidine kinase (pgkTFC) cassettes 
for positive-negative selection. A 5' 2.6-kb Hind\\\-Sph I fragment 
and a 3' 2.9-kb ftomHI-//mdIII fragment (both derived from genomic 
clone 11 1.4)" were blunt-ended and inserted at either side of the 
pgkNEO cassette at the BamH\ and Cla I sites using BamHl and 
Cla I linkers, respectively. The neo cassette replaced parts of exons 
8 and 13 and the intervening exons. 9 "' 3 The construct was linearized 
using Xho I and electroporated into W9.5 embryonic stem (ES) 
cells'* that were selected using gancyclovir and G418. Antibiotic- 
resistant ES cell clones were isolated, expanded, and screened by 
Southern blot hybridization. 6 ' Genomic DNA was digested with 
EcoRl; transferred to nylon membrane (Gene Screen Plus; NEN 
Research Products, Boston, MA) by capillary blotting; and prehy- 
bridized and hybridized at 65°C in a solution containing 1 mol/L 
NaCl, 1% (wt/vol) sodium dodecyl sulfate (SDS), and 10% (wt/vol) 
dextran sulphate; and probed with a 600-bp //indIU-£c-oRI fragment 
derived from genomic clone \1 1.4." The probe was situated in the 
ILI IRa locus 3' of the targeting construct and permitted distinction 
between the endogenous loci (3.4 kb for ILIIRa and 4.0 kb for 
!LllRa2 loci) and the mutant ILIIRa locus (5.2 kb; Fig 1). The 
membranes were washed with 0.2 x SSC (lx SSC is 0.15 mol/L 
NaCl, 0.015 mol/L trisodium citrate) and 0.1% (wt/vol) SDS at 
65°C and exposed to radiographic film for 18 hours at -70°C using 
intensifying screens. ES cells targeted at the ILIIRa locus were 
confirmed to contain a single integration using a neo probe. These 
cells were used to derive chimeric mice that were mated with C57BL/ 
6 female mice and the heterozygous offspring interbred to yield 
wild-type ILIIRa (+/+), heterozygous ILI IRa (+/—), and mutant 
1L1 IRa (-/-) mice. Mice genotypes were determined by Southern 
blot analysis of genomic DNA obtained from tail biopsies. 

Northern analysis. Northern analysis was performed as pre- 
viously described. 62 Washes were performed with 2. Ox SSC, 0.1% 
(wt/vol) SDS at 65°C. Northern blots were first screened with a 
radiolabeled murine cDNA fragment, a 445 -bp Sph USac I fragment 
(nucleotides 714-1158 f rom the murine IL-1 IRa clone 30. 1 n ) encod- 
ing the deleted exons 8-1 1. The filters were then stripped and re- 
probed with a radiolabeled 485-bp PCR-generated product encoding 
exons 2-6 and part of exon 7 of the murine IL-11 Ra. PCR reactions 
were performed in 50 pL with I X PCR buffer (Boehringer Mann- 



heim, Castle Hill, New South Wales, Australia), 0.2 mmol/L of each 
dNTP, 0.5 U Taq Polymerase (Boehringer), and 200 ng of each 
primer 5'-ATGAGCAGCAGCTGCTCAGGGCTG-3' (within exon 
2) and 5'-ACTTTCCCTCTGACTCTCAGCTCCTGG-3' (within 
exon 7). w Amplification conditions were initial denaturation of 96°C 
for 2 minutes followed by 25 cycles of 94°C for 30 seconds, 55°C 
for 30 seconds, and 72°C for 90 seconds. The PCR product was 
purified from an 2% agarose gel using Qiaex II Gel Extraction Kit 
(Qiagen, Hilden, Germany). mRNA loading was assessed by probing 
the filter with a l.l-kb fragment from the rat glyccraldehyde-3- 
phosphate dehydrogenase (GAPDH) gene. 

Examination of ILIIRa and II 1 1 Ra2 transcripts by R T-PCR. To- 
tal RNA was isolated from testes and bone marrow cells of wild- 
type and ILIIRa-/- mice. RNA was also extracted using Trizol 
reagent (Life Technologies, Gaithersburg, MD) from pools of hema- 
topoietic colonies grown from bone marrow cells in methyl cellulose 
cultures (minimum 120 colonies analyzed) stimulated for 7 days 
with 100 ng/mL SCF, 2 U/mL erythropoietin (EPO), and 10 ng/ 
mL IL-1 1. All RNA samples were treated with RNase-free DNasel 
(Boehringer Mannheim) and random primer and oligo(dT)-primed 
cDNA synthesis was performed using AMV-RT (Boehringer Mann- 
heim) under conditions recommended by the manufacturer. cDNA 
(5 pL) was used for PCR amplification in a 50 pL volume reaction 
containing 1 X PCR buffer (Boehringer Mannheim), 0.2 mmol/L of 
each dNTP, 0.5 U Taq Polymerase (Boehringer Mannheim), and 
200 ng of each primer using the following amplification conditions: 
initial denaturation of 96°C for 2 minutes followed by 30 cycles of 
94°C for 30 seconds, 55°C for 45 seconds, and 72°C for 60 seconds. 
The ILIIRa coding region was amplified using oligonucleotide 
primers in exon 10 (5'-CTGCAAGGCCTTCCTTGCAGCCGG-3') 
and in exon 12 (5'-CGGTCCATCCTTCCCACTCCGTCT-3') 41! Be- 
cause the exons encoding the 5'-UTR of ILIIRa and lLURa2 
cDNAs differ, pairing of a sense-primer located in this region of 
divergence with a common antisense-primer located on coding exon- 
7 (identical in both cDNAs) enabled discrimination between tran- 
scripts from the two loci. Thus combination of sense primer 
5 '-CAGAGGGTG AGGGCGG AGGGCGCT-3 ' " coupled with anti- 
sense primer 5'-CTCCAGAGGGTCCTGTGGACACGG-3' was 
specific for ILIIRa transcript, whereas the combination of sense 
primer 5'CCTCAAAGGATTGTCCACTTCCGG-3' with the same 
antisense primer was specific for 1L1 1 Ra2 transcript. 53 RNA loading 
was assessed by amplifying 5 pL of cDNA from each of the above- 
mentioned samples for the hypoxanthine phosphoribosyltransferase 
(HPRT) transcript using primers described previously.'* 3 Samples ( 1 5 
pL) were electrophoresed through a 1.25% (wt/vol) agarose gel, 
transferred to nylon membranes, and probed with oligonucleotides 
internal to the amplified product. 

Flow cytometry*- Single-cell suspensions of bone marrow, 
spleen, lymph node, and thymus were incubated with an excess of 
2.4G2 anti-Fey receptor antibody 64 to reduce nonspecific binding 
and then with a panel of specific monoclonal antibodies to various 
murine antigens 59,65 : anti-CD4 and anti-CD8 (Becton Dickinson, Lin- 
coln Park, NJ), anti-IgM (5.1), anti-Ly5-B220 (RA3-6B2), anti-Mac- 
1 (Ml/70), F4/80, anti-Gr-1 (RB6-8C5), Ter-1 19, anti-Thyl.2 (30- 
H12), anti-TCRa/0 (H57-697.1), and anti-TCRy/6 (GL3-1A). The 
antibodies were directly coupled to fluorescein isothiocyanate or 
biotin. the latter being visualised using R-phycoerythrin-streptavidin 
(Caltag, San Francisco, CA). Analysis were performed on a FACS- 
can analyzer (Becton Dickinson) and dead cells and erythrocytes 
were excluded by propidium iodide (1 pgfmL) staining and gating 
with forward and side lifihLs^aMrjng. „ 

Hematologic analysis. Orbital plexus blood was collected from 
anaesthetized mice and peripheral blood white blood cell count, 
hematocrit, and platelet counts were determined using either manual 
or automated (Sysmex klOOO; TOA Medical Instruments, Kobe, 
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Rg 1. {A} Disruption of the ILllRa locus by homologous recombination. Genomic organization of the murine ILllRa locus encoded by 
genomic phage clone X11.4 62 is shown, with the exons indicated as boxes and numbered and the coding regions shown in black. Dashed lines 
indicate parts of locus IL1lRa2 that are not homologous with locus ILllRa. Restriction enzyme sites for locus ILllRa and IL1lRa2 M are 
indicated. Sites unique to a particular locus are shown in bold. fcoRI (R), BamHI (B). Sac I (S), H/ndlll |H), and Sph I (Sp). Shown below is the 
targeting vector containing the 5' and 3' regions of homology and the cDNAs encoding neomycin transferase (NEO) and thymidine kinase 
(TK) and the recombinant ILllRa locus. The probe used in Southern screening of embryonic stem cells and tail biopsies and the expected 
sizes of the endogenous ILllRa 13.4 kb). targeted ILllRa (5.2 kb), and endogenous ILllRa2 (4.0 kb) loci after fcoRI restriction digest are 
indicated. (B) Southern analysis of fcoRI-digested genomic DNA extracted from a litter derived from a cross between heterozygous IL11Ra+/- 
mice showing heterozygous, homozygous ILllRa-/-. and wild-type IL11Ra+/+ mice. Sizes of the endogenous ILllRa (3.4 kb) and the targeted 
IL11Ra (5.2 kb) loci are indicated, as is the band for the ILl1Ra2 locus (4.0 kb). 



Japan) counting techniques. Cell suspensions were made from bone 
marrow and spleen by standard techniques and total femoral and 
splenic cellularity was determined using a hemocytometer after eosin 
staining. Manual 100 to 400 cell differential counts were performed 
using May-Griinwald-Giemsa-stained blood smears and cytocentri- 
fuge preparations of bone marrow and spleen. Bone marrow and 
s pleen prog enitor cells were as sayed using semisolid agar and methyl 
cellulose cultures as previously described. 19 * 6 For each sample, 
50,000 nucleated cells were plated in triplicate in 1-mL cultures. 
Colony formation was stimulated by multiple combinations of puri- 
fied recombinant growth factors at the following final concentrations: 



murine GM-CSF (Schering, Kenilworth, NJ) at 10 ng/mL; human 
granulocyte colony-stimulating factor (G-CSF; Amgen, Thousand 
Oaks, CA) at 10 ng/mL; murine IL-3 (PeproTcch, Rocky Hill, NJ) 
at 10, 1, and 0.1 ng/mL; human IL-1 1 (R&D Systems, Minneapolis, 
MN) at 10 ng/mL; murine IL-6 (kind gift of Dr R. Simpson, Ludwig 
Institute for Cancer Research, Melbourne, Australia) at 100 ng/mL; 
.human.EPO-(Amgen)-at-2-U/mL;-murine-SGF-(produced-by-expres- 
sion in Pichia pastoris) at 100, 10, and 1.0 ng/mL; and pegylated- 
recombinant human MGDF (PEG-rhuMGDF; Amgen) at 200 ng/ 
mL. After 7 days of incubation in a fully humidified atmosphere at 
37°C supplemented with 10% or 5% C0 2 , colonies were enumerated. 
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The investigator was blinded to the genotype of the animals from 
which the cells were derived. Cultures were fixed with 2.5% glutaral- 
dehyde in phosphate-buffered saline and stained using acetylcholine 
esterase, luxol fast blue, and hematoxylin, and the cellular composi- 
tion of colonies was determined. Megakaryocyte colony assays were 
performed by stimulating 50,000 bone marrow ceils with IL-3, SCF, 
and MGDF at above-noted concentrations. After 7 days of incuba- 
tion, the plates were fixed with 2.5% glutaraldehyde and stained 
with acetylcholine esterase. Colonies were defined as three or more 
megakaryocyte cells. A minimum of 200 to 300 colonies were exam- 
ined per mouse (n = 4 per genotype) and the results are expressed 
as a percentage. For assessment of the recloning potential (n = 6 
I LI lRa+/+ and ILl I Ra— /— mice), 25 to 50 colonies derived from 
bone marrow cells and grown in SCF (100 ng/mL) were isolated, and 
a single-cell suspension was prepared and replated in agar cultures 
stimulated by SCF (100 ng/mL). Secondary clones and colonies 
resulting from each primary colony were enumerated. The experi- 
ment was also performed (n = 3 mice of wild-type and ILllRa-/- 
genotype) by specifically isolating colonies of blast morphology. 
Colony-forming unit-spleen (CFU-S) assays were performed using 
75,000 bone marrow cells from 2 ILllRa+/+ and 2 ILllRa-/- 
mice in each experiment injected retro-orbitally into lethally irradi- 
ated (11 Gy, split dose) 129SV mice with 5 to 6 recipient mice per 
donor. Macroscopic colonies on the spleen surface were counted on 
day 12. 67 

Histologic analysis. Sections of sternum, spleen, liver, intestine, 
pancreas, kidney, lymph node, reproductive and genito-urinary or- 
gans, muscle, heart, aorta, lung, thymus, brain, and salivary glands 
from 6- to 8-week-old ILllRa+/+ and ILllRa-/- mice were 
stained with hematoxylin and eosin and examined by light micros- 
copy. 

5-Flurouracil (5-FV) and phenylhydrazine administration. 
Recovery of total white blood cells and platelets was assessed after 
a single dose of 5-FU of 150 mg/kg administered intraperitoneal I y 
(n = 6 ILl lRa-f/+ mice; n = 5 ILllRa-/- mice, with n = 4 for 
day 8 through 15 time points). Mice were bled retro-orbital ly and the 
analysis was performed using the manual or automated techniques 
described above. Recovery of bone marrow progenitors was assessed 
in 3 ILl IRa-f /+ and ILl IRa-/- mice killed on days 2, 4, and 6 
after intravenous administration of 5-FU (150 mg/kg). Fifty thousand 
bone marrow cells from each mouse were plated in agar and methyl- 
cellulose cultures as described above. Cultures were stimulated with 
combination of GM-CSF, IL-3, IL-6, and SCF and with addition of 
either EPO or MGDF (final concentrations as listed above). In a 
second experiment, cultures were performed using 5,000 bone mar- 
row cells on days 5, 7, and 10 after similar 5-FU treatment. Recovery 
of progenitors was also assessed on day 7 after more severe insult 
(5-FU at 1 50 mg/kg intravenously, followed 3 days later by irradia- 
tion of 6.0 Gy) using 50,000 bone marrow cells from 3 ILl IRa+/ 
+ and ILl IRa-/- mice stimulated with GM-CSF, IL-3, IL-6, and 
SCF. Phenylhydrazine (60 mg/kg) was administered intraperi tone- 
ally to 5 ILllRa+/+ and 4 ILllRa -/- mice. Hematocrit and 
reticulocytes (analysis of 1,000 red blood cells after staining with 
New Methylene Blue) were enumerated manually from retro-orbital 
plexus blood samples. 

Antiplatelet serum administration. Immune thrombocytopenia 
was induced by administration of rabbit antimouse platelet serum 
(Inter-Cell Technologies, Hopewell, NJ). One hundred microliters 
of a 1 :20 dilution of the serum in phosphate-buffered saline was 
injected intraperitoneally as a single dose (n = 5 ILl lRa+/+ mice; 
n^_6_IL 1.1 Ra-/^mice)._Platelet.numbers_were_determined.at_the_ 
indicated time points. 

Immune response. T-cell -dependent immunization was with the 
hapten 4(hydroxy-3-nitrophenyl)acety! (NP) coupled to the protein- 
carrier bovine serum albumin (BSA) at an average conjugation ratio 



of 13 NP per I BSA. Mice were immunised by the intraperitoneal 
injection of 100 ^g of alum -precipitated NP-BSA, Titers of NP- 
specific IgGl in the sera of immunized mice were determined by 
enzyme-linked immunosorbant assay (ELISA) using NP coupled to 
human serum albumin (HSA) as a plate coat and isotype -specific 
revealing reagents. Affinity maturation of the response was followed 
by comparing the titer of IgGl specific for NP13-HSA (measuring 
total anti-NP antibody) with that specific for NP2-HSA (measuring 
high-affinity antibody). Optical density values were converted to 
micrograms per milliliter using purified NP-specific monoclonal an- 
tibodies as standards. Quantitation of the specific antibodies was not 
extended beyond day 14, because the antibody titer usually decreases 
after this time. Absolute levels of Ig isotypes in preimmune sera 
were determined by ELISA, as previously described. 68 

Statistical analysis. Comparisons of mean values were made 
using the unpaired Student's Mest. 

RESULTS 

Disruption of the ILllRa locus. The ILl IRa locus was 
disrupted by homologous recombination in ES cells. In the 
mutated locus, exons 9-12 and part of exons 8 and 13 were 
replaced by a neomycin expression cassette. This resulted in 
the deletion of part of the hematopoietin subdomain con- 
taining the WSxWS motif, 48 the transmembrane region, and 
membrane-proximal portion of the cytoplasmic tail. The 
presence of two copies of the mutant allele therefore resulted 
in a null phenotype (Fig 1A). Neomycin-resistant ES cells 
were screened by Southern blot using a probe situated out- 
side the 3' limit of the targeting construct and a targeting 
frequency of 1:100 was noted. A successfully targeted ES 
clone heterozygous for disruption of the ILl IRa locus was 
injected into blastocysts to generate chimeric mice. Mice of 
the three expected genotypes (wild-type ILl 1 Ra+/+, hetero- 
zygous ILl lRa+/-, and homozygous ILl IRa-/-) were ob- 
tained by interbreeding of the heterozygous offspring and 
screened by Southern blot of tail DNA with the above-men- 
tioned probe (Fig IB). 

Confirmation of ILllRa null mutation and absence of 
transcription from ILllRa! locus. Disruption of transcrip- 
tion from the ILllRa locus was verified by Northern blot 
analysis, RT-PCR, and biologic assays. A Northern blot 
probed with a cDNA probe encoding the targeted exons 8- 
12 is shown in Fig 2 A. This region is homologous in both 
ILl IRa and IL! lRa2 loci. The expected 1.8-kb full-length 
transcript was observed in the kidney of ILllRa+/+ and 
lLHRa+/- mice and testis of ILl lRa+/+ mice, whereas 
none was noted in either organ of ILllRa-/- mice (Fig 
2 A). We have previously shown the presence of transcripts 
from the ILl !Ra2 locus in testis using an RT-PCR assay." 
The absence of any transcript in the ILllRa-/- testis in 
the above-noted Northern blot is probably a reflection of the 
lower abundance of the ILl lRa2 transcript relative to that 
from the ILllRa locus. Examination of the above-noted 
Northern blot with a cDNA-derived probe encoding exon 2- 
7 (again common to transcripts from both loci and not de- 
leted by the targeting strategy) did not show any normal or 
aberrant size transcripts in the ILl IRa-/- mice (Fig 2B). 

An RT-PCR strategy was used to confirm deletion of cod- 
ing exons and absence of compensation by upregulation of 
the ILl !Ra2 transcript. This was true for both bone marrow 
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Rg 2. Confirmation of null mutation by Northern analysis of 
pofy(A)* mRNA extracted from kidneys and testes of IL11Ra+/+, 
ILl1Ra+/-, and ILHRa-/- mice. The blot was initially examined 
with a probe encoding the deleted region of the ILIIRa locus (A) and 
then with a probe situated in the locus 5' of the deleted region (8) and 
rat GAPDH to compare mRNA loading (C). The size of the transcript is 
indicated. 



ceils and hematopoietic colonies derived in vitro after stimu- 
lation of bone marrow cells with SCF, EPO, and IL-11. 
Amplification by oligonucleotide primers from exons 10 and 
12 (deleted by the targeting construct) generated the appro- 
priate 166-bp product from +/+ mice. As expected, there 
was no PCR product in either bone marrow cells or hemato- 
poietic colonies from -/- mice (Fig 3A). The anticipated 
product was also noted in testis of IL1 IRa-/- mice due to 
amplification of the IL1 lRa2 transcript, because the nucleo- 
tide sequences of the IL1 IRa and ILI lRa2 genes are identi- 
cal in this region. The absence of an ILI IRa and ILI lRa2 
RT-PCR product was also confirmed using mRNA derived 
from kidney of IL 1 IRa-/- mice (data not shown). Oligonu- 
cleotide primer pairs specific for transcripts from ILI IRa2 
locus showed expression only in the testis (Fig 3B), There 
was no detectable ILI !Ra2 transcript in ILI lRa+/+ or in 
ILI IRa-/- bone marrow, neither in the steady-state nor in 
hematopoietic colonies stimulated by IL-11. Although no 
ILI IRa transcripts were seen in the samples from ILI lRa-/- 
mice by Northern analysis and RNase protection assay (data 
not shown), RT-PCR using primers specific for exons 1-4 
of the ILI IRa locus (not deleted by the targeting construct) 
showed a product. This was interpreted as representing an 
unstable RNA species. Additional confirmation of the null 
mutation was provided by the inability of hematopoietic cells 
from ILI IRa-/- mice to respond to IL-11 in culture (see 
below). 

Phenotype-of-ibHRa-^/^mice. — The"genotypeof pups 

from interbreeding of ILI lRa+/- mice displayed a normal 
Mendelian pattern of inheritance: 109 ILllRa+/+, 263 
ILI IRa+/-, and 128 ILI IRa-/- indicating no intrauterine 



fetal loss. However, unlike their ILllRa+/- and ILilRa+/+ 
littermates, ILI IRa-/- female mice appeared to be infertile. 
This observation is under further investigation. 

At weaning, the weight of ILI IRa-/- pups was compara- 
ble with that of the Nttermate controls: 10.5 ± 1.3 g 
ILllRa+/+ versus 10.8 ± 2.0 g ILIIRa+/- and 10.5 ± 
1-2 g ILI IRa-/- (mean ± standard deviation [SD], n = 10 
animals per group). The ILI IRa-/- mice appeared normal 
at birth and during adult life (oldest animals were 8 months 
of age). A histologic survey of hematopoietic and nonhema- 
topoietic organs of 6- to 8-week-old animals showed no 
consistent morphologic abnormalities. Flow cytometric anal- 
ysis of cells from bone marrow, spleen, thymus, lymph node, 
and peripheral blood using a panel of monoclonal antibodies 
for a range of lymphoid, myeloid, and erythroid antigens did 
not show any significant perturbations in the ILllRa-/- 
animals (data not shown). 

Hematologic analysis. The peripheral blood platelet 
count of the ILI IRa-/- mice was normal (901 ± 87 X 10V 
mL; Table I). There were also no differences in the total 
white blood cell counts or differential counts between the 
three genotypes. The hematocrit and the steady-state red 
blood cell reticulocyte count were also normal (Table 1). 
Bone marrow cellularity was comparable between ILI lRa+/+ 
and ILI IRa-/- animals (10.7 ± 2.7 x 10 6 for ILllRa+/+ 
and 13.0 ± 2.9 X 10 6 for ILI IRa-/-; mean cell count per 
femur ± SD, n = 6). The splenic mass of 7-week-old mice 
was similar between genotypes (90 ± 10 mg for ILI lRa+/+ 
and 89 ± 1 1 mg for ILI IRa-/-; mean ± SD, n - 6). As 
shown in Table 1, the cellular composition of bone marrow 
and spleen and the number of megakaryocytes were similar 
in ILI IRa+/+ and ILI IRa-/- mice. 

The progenitor cell content of mutant and wild-type mice 
was assessed by in vitro clonal cultures using multiple cyto- 
kine combinations. The number of bone marrow granulo- 
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Rg 3. RT-PCR showing the absence of ILIIRa transcript and ab- 
sence of expression of IL11Ra2 transcript in bone marrow (BM) cells 
and hematopoietic colonies from cultures stimulated with EPO, SCF, 
and IL-11. RT-PCR products encoding the deleted exons of IL11Ra 
locus (A), transcripts from IL11Ra2 locus (B), and HPRT gene (CI were 
-examined by Southern hybridization wrth radiolabeled internal oligo^" 
nucleotide probes. Testis that expresses both transcripts is included 
as a positive control. The product seen in ILI IRa-/- testis (A) is due 
to the 99% nucleotide identity displayed by transcripts from the two 
loci in the coding region. Negative (-ve; no cDNA) control is indicated. 



NORMAL HEMATOPOIESIS IN ADULT IL11FU-/- MICE 
Table 1. Hematology Profile of ILlIRa-/- Mice 



Genotype* 





+/+ 


-/- 


Peripheral blood 






Platelets (x107mU 


904 z 86 


901 z. 87 


Hematocrit (%} 


47 ± 3.5 


47 £ 2.8 


White blood cell count (xlO'/mL) 


6.9 ± 3.1 


5.5 £ 1.9 


Neutrophils 


0.5 ± 0.2 


0.38 £ 0.31 


Lymphocytes 


4.2 ± 0.9 


4.4 £ 1.3 


Monocytes 


0.42 ± 0.13 


0.40 £ 0.15 


Eosinophils 


0.08 ± 0.06 


0.05 £ 0.03 


Red blood cell reticulocytes {%) 


3*2 


2 £ 1 


Bone marrow 






Cellularity (xlOVfemur) 


10.7 i 2.7 


13.0 £ 2.9 


Blasts (%) 


2 z 1 


2 £ 1 


Promyelocytes/myelocytes (%) 


5 ± 1 


4 £ 1 


Metamyelocytes/neutrophils (%) 


26 £ 7 


26 £ 6 


Lymphocytes (%) 


29 ± 7 


30 £ 6 


Monocytes 


6 i 1 


5 £ 2 


Eosinophils (%) 


3 ± 1 


4 £ 2 


Nucleated erythroid cells {%) 


30 ± 11 


27 £ 9 


Megakaryocytes (per 20 hpf)t 


130 ± 19 


121 £ 24 


Spleen 






Weight (mg) 


90 ± 10 


89 £ 11 


Cellularity <x10 e ) 


121 ± 78 


138 £ 104 


Blasts (%) 


1 ± 1 


1 £ 1 


Promyelocytes/myelocytes <%) 


2 ± 1 


1 £ 1 


Metamyelocytes/neutrophils {%) 


2 ± 1 


3 £ 2 


Lymphocytes {%) 


80 ± 8 


78 £ 10 


Monocytes 


8 £ 3 


6 £ 4 


Eosinophils (%) 


1 ± 1 


1 £ 1 


Nucleated erythroid cells (%) 


6 ± 7 


10 £ 11 


Megakaryocytes (per 20 hpf)t 


n ± 4 


18 £ 7 



Mean £ standard deviation. 

* n = 6, except for ILlIRa-/- spleen differential count (n = 14). 
t Megakaryocytes counted in 20 fields (x400 magnification) from 
n = 9 of each genotype. 



cyte-macrophage (granulocyte-macrophage colony-forming 
cells [GM-CFC]), erythroid progenitors (burst-forming unit- 
erythroid [BFU-E]), and megakaryocyte progenitors (CFU- 
MEG) were comparable for ILllRa+/+ and ILlIRa-/- 
mice (Fig 4). The less primitive erythroid progenitors, col- 
ony-forming unit-erythroid (CFU-E), were also normal (data 
not shown). There was also no significant difference in 
spleen GM-CFC and BFU-E between the wild-type and 
ILlIRa-/- animals (data not shown). Thus, the ILIlRa-/- 
mice showed no perturbation of progenitor cells. 

CFU-S day 12 are a population of stem cells with the 
capabilities of self-renewal and generation of multilineage 
committed precursors. 67 Nucleated bone marrow cells 
(75,000) from ILllRa+/+ and ILlIRa-/- mice were in- 
jected intravenously into Iethally irradiated recipients (n - 
5 to 6 recipients per donor). The recipients were sacrificed 
on day 12 and the colonies on the spleen surface were 
counted. Figure 5 represents data from two independent ex- 
periments-and-shows-no-difTerences'in'numb^rs^ofCFU^S" 
day 12 from the IL1 lRa+/+ and IL1 IRa-/- mice. 

Recloning studies were performed to determine whether 
the self-generation capacity of progenitor cells was altered 
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in IL1 IRa-/- mice. Individual colonies stimulated by SCF 
were resuspended and transferred to secondary agar cultures 
also stimulated by SCF. This provided an indirect analysis 
of the clonogenic potential of progenitor cells composing 
the original clone. Consistent with the above results, no sig- 
nificant difference was noted in the number of secondary 
clones generated from SCF-supported primary bone marrow 
colonies (of blast and multicentric morphology) from 
IL1 lRa+/+ or ILI IRa-/- mice (data not shown). 

Confirmation of the ILlIRa null phenotype. Whereas IL- 
1 1 has minimal effects in stimulating myeloid progenitor 
cells on its own, it is known to synergize with IL-3 and SCF 
in supporting the growth of these cells. We therefore studied 
the actions of both IL-3 and SCF alone and in combination 
with TL-ll. As shown in Table 2, IL-1I alone at a final 
concentration of 10 ng/mL showed almost no effect on col- 
ony formation by ILI lRa+/+ bone marrow cells. IL-3 and 
SCF alone, at multiple concentrations, supported similar 
numbers of CFC in both ILI lRa+/+ and ILI IRa-/- mice. 
However, with the addition of IL-1 1, a clear enhancement 
of colony formation was seen in ILI lRa+/+ mice. For ex- 
ample, SCF (10 ng/mL) alone gave 50 ± 7 GM-CFC (mean 
number of colonies ± SD, n = 3) and the addition of IL-1 1 
(10 ng/mL) increased this to 95 ± 6 (P < .05). Similarly, 
stimulation with IL-3 (0.1 ng/mL) generated 15 ± 4 GM- 
CFC per 50,000 bone marrow cells, whereas IL-3 together 
with IL-1 1 (10 ng/mL) resulted in 46 ± 12 GM-CFC (P < 
.05). Similar results were seen for erythroid cells: bone mar- 
row cells from wild-type mice showed increased erythroid 
colony formation with IL-1 1 plus SCF and Epo when com- 
pared with SCF and Epo alone. No such increase in BFU-E 
was seen in IL-1 1 -stimulated cultures of ILI IRa-/- bone 
marrow cells (data not shown). The absence of synergy be- 
tween IL-1 1 and SCF or IL-3 in the ILI IRa-/- mice (Table 
2) was additional evidence of an ILI IRa null phenotype. 
Moreover, these results further confirmed a lack of compen- 
sation from the ILI lRa2 locus. 

Assessment of hematopoietic reserves. 5-FU selectively 
kills cycling cells. 69 Recovery from such a stress involves 
recruitment of quiescent stem cells and induction of differen- 
tiation. IL-1 1, mostly in synergy with IL-3 or SCF, has been 
documented to support multilineage progenitors 13 1 5,70 and 
stimulate entry of dormant stem cells into cell cycle. 1,12 The 
recovery of IL-1 IRa -/- mice was therefore assessed after 
administration of 5-FU. As shown in Fig 6, the kinetics of 
recovery of total white blood cells, platelets, and bone mar- 
row progenitor cells in ILlIRa-/- mice were similar to 
those of ILlIRa+/+ mice. Also, no difference in recovery 
of bone marrow progenitors was noted in additional experi- 
ments performed on days 5, 7, and 10 after 5-FU administra- 
tion and on day 7 after more severe hematopoietic insult (a 
single dose of 5-FU followed 3 days later with 6 Gy irradia- 
tion; data not shown). Platelet response was also examined 
in an immune model of thrombocytopenia induced by admin- 
istration of antiplatelet serum. Recovery from such a stress 
"dependsln part on platelet production from existing mega- 
karyocytes. After a 90% decrease in platelet levels 24 hours 
after administration, the rate of recovery was similar in 
ILlIRa+/+ and ILI IRa-/- mice. 
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Fig 4. Granulocyte-macrophage (A), BFU-E (B), and megakaryocyte progenitors (C) from bone marrow of ILIIRa -/- mice. Mean of total 
colony numbers ± standard deviations (n = 7 for each genotype, for (AJ and [B]) in replicate cultures containing 50.000 bone marrow cells 
stimulated with final concentrations of GM-CSF at 10 ng/mL IL-3 at 10 ng/mL, SCF at 100 ng/mU MGDF at 200 ng/mL, EPO at 2 U/mL, IL-6 
at 100 ng/mL. and G-CSF at 10 ng/mL Acetylcholine esterase- stained megakaryocyte progenitors (n = 4 for each genotype) are expressed as 
a percentage. 



IL- 1 1 is also known to influence erythropoiesis. 22 ' 24 We 
therefore examined the erythroid response to anemia by in- 
ducing acute hemolysis with phenyl hydrazine. 71 Recovery 
from such a stress is dependent on the progenitor reserve and 
the induction of terminal erythroid differentiation. Erythroid 
cells of IL1 IRa+/+ and ILI IRa-/- mice were equally sen- 
sitive to phenylhydrazine (decrease in hematocrit to 50% of 
baseline by day 2; Fig 7) and the kinetics of erythroid recov- 




Exptl Expt2 

Fig 5. CFU-S day 12 (CFU-S d12) progenitors in IL11Ra -/- mice. 
Mean ± SD of CFU-S d12 from two independent experlmentsrln each- 
experiment, 75,000 bone marrow cells from each of 2 IL11Ra+/+ and 
IL11Ra-/- mice were administered intravenously to 5 or 6 lethalty 
irradiated recipients. The recipients were killed on day 12 and macro- 
scopic colonies on the spleen surface were counted. 



ery and the magnitude of this response were very similar in 
the ILI lRa+/+ mice and ILi IRa-/- mice (Fig 7). 

Immunologic studies. Sera of ILI IRa+/+, ILI lRa+/-, 
and ILI IRa-/- mice were assessed for the concentration 
of the various Ig isotypes. The levels of IgM, IgG3, IgGl, 



Table 2. Lack of Synergy Between IL-11 and SCF or IL-3 in Clonal 
Cultures From IL11Ra-/- Mice 



Genotype 



Stimulus 



IL-11 (10 ng/mL) 


0 


1 ± 1 


SCF (100 ng/mL) 


80 ± 3 


80 ± 16 


SCF (100 ng/mL) + IL-11 


110 ± 6* 


78 ± 11 


SCF (10 ng/mL) 


50 ± 7 


53 ± 9 


SCF (10 ng/mL) + IL-11 


95 - 6* 


59 ± 14 


SCF (1 ng/mL) 


4 ± 3 


3 ± 2 


SCF(1 ng/mL) + IL-11 


9 ± 4* 


2 ± 1 


IL-3 (10 ng/mL) 


92 + 26 


98 ± 17 


IL-3 (10 ng/mL) + IL-11 


125 - 20* 


72 ± 25 


IL-3 (1 ng/mL) 


55 ± 12 


68 ± 16 


IL-3 (1 ng/mL) + IL-11 


111 ±28* 


81 -t 25 


IL-3 (0.1 ng/mL) 


15 i 4 


18 ± 7 


IL-3 (0.1 ng/mL) + IL-11 


46 ± 12* 


16 i 4 



Mean ± SD of GM colony numbers in replicate cultures from 3 mice 
per genotype. Cultures containing 50,000 bone marrow cells were 
stimulated with IL-11 (fixed concentration of 10 ng/mL), IL-3, and SCF 
(at the above-noted final concentrations) and scored by an investiga- 
-tor-blinded-to-the-genotype of-the animals from which the cells-were 
derived. Note the lack of response to IL-11 in ILI IRa-/- mice. The 
increment in colony numbers in the presence of IL-1 1 was significant 
for IL11Ra+/+ mice. 

* P < .05. 
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Rg 6. Recovery of mature celts and progenitors after 5-FU-induced cytotoxicity and recovery of platelets after immune thrombocytopenia 
? f ; h eC ° VerV < WBC; A, < P ,ate,ets tB >< and m * e, oid Progenitors (C) after a single administration of 5-FU. figure 

represents the mean ± SD of WBC andplatelet numbers of IL11Ra + / + (n = 6) and ILlIRa-/- (n = 5» mice after 150 m g /kg5-FU(intra P eriton ea n 
Granu ocyte-macrophage colony number (mean ± SD) of replicate cultures from 3 mice of each genotype on days 2, 4. and 6 after 150 ma/ 

. n * ( ' nt / ft avenoU5 « s a,so 5h °wn (C). Cultures contained 50,000 bone marrow cells stimulated with final concentrations of GM-CSF at 10 ng/ 

antiplatelet serum. The figure represents the mean ± SD of platelet numbers (n = 5 IL11Ra+/+ mice; n = 6 ILlIRa-/- mice). 



IgG2a, and IgG2b were measured in mice of the three geno- 
types at the age of 4.5 to 5.0 weeks (Table 3). There were 
no consistent differences between the three groups, demon- 
strating that IL1 IRa-/- mice were not deficient in the pro- 
duction of these Ig isotypes. It was formally possible that 
the levels of certain of the isotypes measured in these young 
mice were due to maternally transferred Ig and not endoge- 
nous production. We therefore measured the levels of the 
same isotypes in a limited number of 8.5-week-old animals 
and again observed no significant difference between control 
and IL1 IRa-/- samples (data not shown). 

The antibody response of IL1 IRa-/- mice to a T-cell- 
dependent-antigen-did-not-significantly-differfrom-that-of- 
control animals (Fig 8). Only a fraction of mice showed 
antigen-specific IgGl in their sera 7 days after primary im- 
munization. At successive time points, all mice were positive 



and the average titer of antigen-specific antibody increased 
relative to the previous week. The IL1 1 Ra -/- mice showed 
slightly higher levels of NP-specific IgGl at each time point 
measured, but the difference never reached statistical sig- 
nificance. Five weeks after primary immunization, the mice 
were boosted with a soluble form of the immunizing antigen 
and serum samples were collected at weekly intervals. The 
modest increase in serum titers was attributed to the poor 
immunogenicity of NP-BSA, but again the degree of increase 
was comparable in both groups. At each time point, the 
proportion of the total anti-NP antibody that was of the high- 
affinity subtype was the same in both groups. Thus, affinity 
"Trituration occurred equally~in~rioth groups. Therefore, de- 
spite the evidence implicating IL-11 in B-cell maturation, 
there was no detectable abnormality in Ig responses in the 
ILi IRa-/- mice. 
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Ftg 7. Kinetics of recovery after acute hemolysis. Phenyl hydrazine 
(PHZ; 60 mg/kg, intraperitoneal) was administered on days 0 and 1. 
Recovery was monitored by measurement of hematocrit and reticu- 
locytes (mean % ± SD, n - 5, each genotype). 



DISCUSSION 

Several actions exhibited by IL- 1 1 are shared with IL-6, 
LIF, CNTF, and OSM. 3,72 To examine the unique actions of 
IL-l I, we have generated mice with a targeted mutation of 
its known ligand-binding specific receptor component (a- 
chain). This receptor component, encoded by the locus 
ILI IRa, is normally expressed in a wide variety of adult and 
embryonic murine tissues, including those contributing to 
hematopoiesis. 52 Using Northern analysis, RT-PCR, and bio- 



Table 3. Levels of lg Isotyypes in 4- to 5- Week-Old ILMRa-/- 


Mice 


IL1 IRa 
Genotype 




Sewn 


i tg Concentration (pg/ml) 




igM 


IgGI 


lgG2a 


lgG2b 


lgG3 


+/+ 

+/- 
-/- 


67 

50 
60 


25 — 

19 
19 


690 

652 
538 


386 
363 
486 
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Fig 8. Levels of IgGI am>NP antibodies in immunized (O) IL11R-/- 
and (•) JL11Ra+/+ mice. Six mice of each genotype were immunized 
at day 0 and the response was followed by serum ELISA at weekly 
intervals. The mice were boosted with a soluble form of the antigen 
35 days after primary immunization and the secondary response 
measured after 7 and 14 days. The geometric mean of each group at 
each time point is Indicated. 



logic assays, we have confirmed that the targeting strategy 
led to a null mutation of the IL1 IRa gene. In addition, there 
was no detectable expression of the product of the second 
IL-l 1 receptor gene, TLI lRa2. 

Although IL-l 1 has been documented to enhance multilin- 
eage progenitors on its own and especially so in synergy 
with SCF or IL-3,' 315,70 its role in the regulation of very 
primitive murine and human stem cells is still unclear. Sev- 
eral investigators have reported that using in vitro assays IL- 
1 1 has little effect on this population. l31<,,7 ° However, it has 
been shown that short-term incubation of 5-FU-treated and 
unmanipulated bone marrow cells with IL-l 1 and SCF led 
to significant expansion of multipotential progenitors" and 
to an improved ability to reconstitute murine bone marrow 
transplant recipients."* Also, retrovirus-mediated overex- 
pression of IL-11 in bone marrow resulted in a 20- to 
100-fold elevation in progenitor cells in spleen 74 and to ac- 
celerated hematopoietic recovery in primary and secondary 
recipients. 33,75 IL-6 and LIF, which share the same signal 
transduction molecule (gpl30) with IL-l I, also demonstrate 
similar actions on expansion of multi-lineage progenitors. 5,76 
Although the long-term repopulating stem cell compartment 
was not quantitated, multipotential stem cells (CFU-S day 
12) and more committed progenitors (as assessed by in vitro 
clonal cultures) were normal in ILI IRa-/- mice. This ob- 
servation was surprising, because IL-6-/- and LIF-/- 
mice show a reduction in CFU-S and, in IL-6-/- mice, a 
reduction in more primitive progenitors. 71,77 We thus infer 
that, although IL-11 increases hematopoietic progenitors 
both in vitro and in vivo, its actions in the ILI IRa-/- mice 
are adequately compensated by other cytokines. Moreover, 



Values are the geometric means of 5 mice in each group. 



"iris'lik^lylhaTIIJo^oTLlF may play a greater role than IL- 
1 1 in maintaining the progenitor cell pool. Redundancy of 
function among cytokines is a common feature in hematopoi- 
esis, but the degree of compensation may vary amongst cyto- 
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kines and for the stages of hematopoiesis studied. For exam- 
ple, although LIF and IL-6 null mice have a deficiency of 
progenitor cells, in common with ILIIRa-/- mice, they 
maintain a normal peripheral blood white cell count. 71,77 Be- 
cause the predominant action of IL-11 on progenitor cell is 
in combination with SCF, an analysis of the rLHRa-/- 
mutation in a SCF-deficient background (Steel or white spot- 
ting mutations 78 ) may help in analyzing its role on this com- 
partment. 

We have shown here that the functional redundancy for 
FL-1 1 also extends to the erythroid compartment. IL-1 1 is 
known to influence multiple stages of erythropoiesis. For 
example, in vitro, in the presence of EPO, or in synergy 
with IL-3 or SCF, IL-1 1 can increase the primitive erythroid 
progenitors, BFU-E 22 * 23 ; with EPO, it can also support the 
maturation of the more differentiated precursors, CFU-E. 22 
Similar effects also occur in vivo. 24 However, the steady- 
state hematocrit, erythroid progenitor cell content, and also 
the recovery of hematocrit and reticulocyte count from he- 
molytic stress were normal in IL1 IRa-/- mice. The normal 
kinetics of recovery from phenylhydrazine also highlights 
the potential differences within this family of cytokines 
despite their overall similarity of actions, because the 
IL-6-/- mice succumb to an identical hemolytic stress with 
100% mortality. 71 

The search for the primary regulator of megakaryopoiesis 
has spanned several decades. Several growth factors, includ- 
ing IL-11, IL-6, LIF, and TPO, influence megakaryocyte 
growth and development and their administration leads to a 
significant platelet increment, although to a variable de- 
gree. 76,79 " 82 Although preliminary clinical trials with IL-11 
have produced encouraging results, 37,38 it is possible that the 
effects seen with pharmacologic doses do not accurately 
reflect the normal physiologic role of IL-1 1. We have shown 
that IL1 IRa-/- mice have normal baseline platelet counts 
and that they recover normally after cytotoxic stress. In addi- 
tion, the number of megakaryocytes on histologic sections 
and their progenitors were similar to controls. In comparison, 
the IL-6-/- and LIF-/- mice also maintain normal platelet 
numbers but with reduced numbers of megakaryocyte pro- 
genitors, 71,77 whereas mice deficient in TPO or its receptor 
c-mpl have markedly reduced platelets and multi lineage pro- 
genitors. 54 ' 56 These results from gene targeting studies con- 
firmed the observations reported by Kaushansky 80 suggesting 
that TPO is the primary regulator of platelet production. 
However, because there is no overt hemostatic defect in 
these mice despite the severe platelet deficit, the non-TPO 
cytokines 81 singly or in combination may provide a critically 
important back-up in the absence of TPO. An evaluation of 
the role of IL-1 1 in compensating for the platelet deficiency 
in TPO-deficient mice or c-mpl null mice can now be per- 
formed by genetic crosses. 

In summary, our investigation of the physiologic role of 
IL-1 1R in the hematopoietic compartment has shown that, 
despite the manifold effects attributed to IL-1 1, the mutant 
adult-mice-displayed-normal-steady=state~hematopoiesisr 
Also, when challenged with cytotoxic stress or hemolysis, 
the hematopoietic recovery paralleled that of wild-type mice. 
The absence of a response of IL1 IRa-/- bone marrow cells 



to IL-1 1 in clonal cultures argues against compensation by 
a second receptor component. Our report highlights that, 
although the IL-6 group of cytokines shares several func- 
tions, the degree of compensation that can be achieved in 
the absence of individual cytokines is indeed variable. The 
hematopoietic defects resulting from IL-6 and LIF deficien- 
cies imply that a subset of cells is critically dependent on 
these factors for optimal activity, whereas the role of IL- 1 1 is 
fully compensated for by one or more of the above cytokines. 
However, studies of LIF deficiency have emphasised that the 
question of redundancy has to be interpreted in the context 
of the organ under study; IL- 1 1 may be redundant in the 
hematopoietic compartment, but a survey of other organ sys- 
tems may unveil its unique function(s). 
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